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VIBRATIORAI. SPECTRA AND THE DIBORANE STRUCTURE

8Bverdlov, L. M. and Zaitseva, I. N.
(State imiversity, Saratov)

The problem of structure of diborane, the simplest of hydrides of dborom,
bas been getting the attention of numerous investigators for a number of years.
The diborsne molecule is different from others in one important respect -- it has
tvelve valence electrans to satisfy more than six bonds. Several suthors offered
various models for the structure of diborane molecule. At first mamy suthors
ascribed to diborane an ethane-like molecule HgBBEg (I). B. V. Nevrasov (1)
offered an ethyleme-like structure (II)
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Dy

vith the two elements (BHg) connected to sach other by hydrogem bonds along the
odge of a tetrahedron. Other authors (2,3) also postulated ethyleme structure for
diborane in which the atoms of boron and four of the hydrogen atoms are situated
in ome plane, while the other two are placed on a line perpemdicular to this plane
and passing through the middle of the B-B bond at equal distances from this plane.
(ethylene-1like model of diborane vith two equal hydrogem bomds II). The answer to
the question as to which of the above discussed structures is the carrect cme must
be answered by experimental data.

It has to be pointed out that the electronographic analysis of didborene
did not permit to make a definite choice and thus estadblish a definite modal,
since the thecrectical intensity curves, calculated for models I aad II, equally
well fit the experimental curve (2,3). later Hedberg and Schomsker, after making
another electronographic analysis of diborane, interpreted their data ia favor
of model II. Many investigators have studied the vibraticnal spectrs of diborune,
attempting to interpret their results in terms of either model I or model II.
Other suthors (5) have interpreted the vibrational spectra in favor of ethame-
like model. However, the latter interpretation has run into oomsidersble diffi.
culty: in the combinatiom spectrum of B, there are two very intemsive polarised
"1ines£50%-and 210k c”3, vhich should correspond to the fully symmetrioal B-E
vibrations in the ethane-like model (symttry Dpy or -Dgnly instesd of a single
vidbratics frequency. Besides, the analysis of rotational structure of didorene
by means of the infrared absorption spectrs has shown (6) that the didereme
molecule mist have an asymmetrical top structure, vhereas the etheme-like struc-
tare has perforce & symmstrical top structure. Analysis of vidratiemal infrered
absorption spectrs and study of combined scattering shows that there is a cemter
of symmetry in the molecule. This limits the oumber of possible medels, leaving
oaly the flat and the "varped” models of diborane with two hydrogem bridges (bonds). -

Analysis of & thin structure of one of the infrared absorptiom bomds of
diborane at 368 cm™! (this bond corresponds to a vertical vibratiom of the riag

Q) allovs (6) to emalude the "flat® diborane model. In recemt years the
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majority of suthors (©,7) have interpreted the vibrational spectra based on the
model II (symsetry Vp,. The most camprehensive interpretation was offered in (1)
on the basis of the comprehensive infrared absorption and casbinatiomal soatter-
ing analysis relating to type of lines, intensities, degres of polarisatiem, stc.,
on molecules of BjOH, BACDy and Bi'H,. In order to verify canclusively this
interpretation (see Table 3, it is necessary, therefore, to have a theoretiocal
calculation of normal vibrations of diborane om the basis of model ITI. Such a
?al;orvtieu calculation, an the basis of model II, has been accomplished already

It 1s not possible to recognize that calculation as satisfactory for the
followving reasons emiumerated below. First the authors used & primitive valance-
farcemodel as their basis, only considering the diagonal force coefficiemts im the
potential energy matrix. S8econd, the authors allowed a gross error ia ocounting
for ohe of the vibrations (the nonplanar ring vibration) in the potemtial emergy
function expression, & factor proportional to the fourth power of displased co-
ordinstes, instead of the second power. Third, the suthors bave
iztarpreted the known at that time vibratiomal spectra of diboreme. .

Oalculation of frequencies and foroe coefficiegte

Oalculstion of frequencies of normal vibrations and (stendy state?)
potential emergies of didborane ves eu-riodwtbyﬂuntbndinom
acosrding to the method of M. A. Kliashevich (9).

Vibrational coordinates of didboreme

hwoofﬁbmnotbnmlﬁmlvﬁnﬁm. Por the purpeses
of oalculatien 29 vidbrational coordinates were chosen -- descridbing changes ia
bond distances and dond angles (see above drawing):

R GAAL 0 (5B), & dra, dae, 1 (1410), @y (1258, W
BRI N i R

?

‘Oonsidering the symmetry of diborane, the coordinates of symmetry are
introduced. Vidbrations of the following types of symmetry are:

r'“‘*"aﬂ’lamm'c’”ﬁ Bag PPau.
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Introducing symmeir -al coo=iinat~a for the types of symmetry Ag, Ay and
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Potential function of diborane is charcterised by eighty-soven foree
coefficients vhich yield thirty-three linearly independeat cosbimatiems. Por
dstermination of these 33 constant values there are available W caperimsstally
svaluated frequencies.

Pagssing to the coordinates of symmeiry and again takimg 1200 asecumt
additional oonditions(l], it is not &ifffoult to obtaia umstrieal
mtriees of kinematic (see Table 1) and force coefficimmts, miSiplying then
one ebtains pocular? equations of diborane snd its isotepe substitumnts, o.1.
M'%) N°&, sd NOD,. Utilizing ratios of frequemcies, as givem i (1) the
Suthors «f this paper have made calculations of force esefficiemts of &idereme
(ses Tble 2), based on the method of variatioms.

Vith this system of force coefficiemts the mmerieal valeep of
mu-?i.?nm of these equations vere ealoulated by the msthed of
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Table 1 (contimed)
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TABLE 2 \
Srgmetri ices of Force Coefficients of Didorame* \\
A q q « < L ]
q 6.07 o.gz 0.1% 0.2 g 6.12
q' gg 5. -0.2 -0.3% q' 0.2%
% . -0.2 c.77 -0.38 0.1
Q 0.2 -0.35 0.38 N a ’
I T ‘
Bau ' : \
: | d ; _,,_ﬂ‘ i Pu 4o
q 3.99 o ~ q" 3.19 [ z
Y. J.oC 0t ‘o,
« o ‘ PP y X e 0.}? O.
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Teble 2 (continued)
. ) ;
Bag q de l Big i q oAe A, de Beg de
q' 2.8 0.1 q 5.7 0
qe 0.19 | 0.7h4 a4 0 0.85 qs  [0-639 | ae 0.3

* in 10%m"? units

DISCUSSION OF RESULTS

The results of calculations are shown in Table 3, in which the suthors
show for each frequency the kind of coordinates. Agreamsnt between the ocaloulated
and the observed values of frequency of vibrations is good -- wvith am average
error of 6 am™2 and & maximum error of 28 ca”~l. It can, therefore, be comcluded
that the interpretatiom of vibrational spectra has been made correctly amd the
nonplapar ethylene-type model of diborsne vith two equivalent hydrogem dridges,
on the basis of vhich the frequencies of normal vibrations bave been caloulated,
is comsidered proven. In favor of the ethylene-type model is also the fact that
& small variation of geometrical parameters only slightly affects the values of

calculated results obtained. The authora a.l-o tvo variations in their ocal-
culations: 1, using Bell's & data S(E-¥ (B-H') = 1.20A, LHBH = 12C°;
L B'BE' = 100' and 2) S(B-H; - 1. LcA G118 = l 59‘ LHBH - / H'BR' = 109°28.

In both cases equally good agreement botvecn tn- calculated and the observed
values of frequencies vas ovtained. Also the values of force coefflecients ad
calculated in the two variations are only slightly different from the system of
force coefficients as shown in Table C.

The numerical values of force coefficients, as shown in Table 2, corres-
ponding to coordinates of symmetry appear (due to further murd.p-ul-co between
coordinates) as a cambination of &7 force coefficients of consideradble complexity
to be natural coordinates. For this reason the latter cannot be determined,
except for those force coefficients which characterize the outer B-H bonds:
Kgi(B-H) = 5.97; hyp = 0.13; hy3 = 0.0%; hy; = -0.05 (in 10%cm™2 units). Besides
calculation of force coefficients, the calculation of a system of the "imfluemce"
coefficients Ki4”! of diborane, givmg a more complete picture for the molecular
force fields [l&] wvas carried out. The calculation of 33 linearly indepemdent
coefficients of "influence” was cbtained by the usual method of resorting to the
inverse matrics values, the remaining coefficients were calculated on the assup-
tion that the “in!‘lulnce coeftic.ents are subject to the seme additiomal comdi-
tions (1] as the vibrational coordinates of symeetry. The calculated data,
pertaining to "influence” coefficients are listed in Table k4.
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TABLE
Interpretation of vibrational Jpectra of Divorane and Its Isotope Substitueats
{in em-1)
21 O B Hﬁi; gEE
Coordin.| Symm. [ I I {
obs. [ calc, obs. | rasc | obs. calc. cale. calc
a(B-H) [A;  [2524] 2518 | 255 11860 | 1887 2528
Q' (B-H') A, | 22041 2076 | 20k0  l1sy1 [1s27 1546 2091
o (EBH) | Ag | 1260| 1162 | Padny L oaes | Toah 1188 951
Q(B-B) Ag T4 T (0200 fle 726 701 187 na2
o (EBE' )| A, 291 829 ! kuy w2y 592 593 829 593
Q'(B-E')| Bpg | 1747 17hk S 17A7 11273 11279 1298 1732
qe(HBH') Bgg 11035 1032 lobky zov: 870 81 1050 875
q(B-B') | Ba, |2612] 20609 | zuzsi 2626 11999 | 2003 2626 2006
B(EBE) | Bay | 950| 955 956 705 696 956 697
(EBB)'! Bg, | 368| 366 X8| 367 262 269 14 363
q(B-H) | Byg | 2591 | 2582 2601 11980 | 2000 2601 2000
G(mE' )| Byg | 920 917 3ol 930 740 Th6 ™
Q' (B-H')l By, | 1915|192k | 1920| 2932 |1ké5 . | 1ks0 181 1?3?
Ae(HBH')| By, | 973! 95¢ 917|965 T8 1 954
(MBR')| Bsg |1012] 1015 1075 730 T26 831 952
q(B-B) Bay | 2525 | 2526 2528 | 2531 1845 1852 253 1852 ;
Q' (B-E')| Bg, [1602 1607 |1606| 1612 | 1205 1194 1199
% (HBH) | By, |2177]| 1170 1181 1177 881 883 1176

The study of “influence"” coefficients data allows the following eomelu-
sion to be made pertaining to the force Tields of diborens: 1) The strength of
he cuter B-EH bonds is twice the strength of the inner B-H' bomd, § oomelusion
is in good sgreement with the stretching of the inner B-N' bond {(1.334) as oom-
pared to the outer B-H bond distance (1.18}). Comparison of "iafluence” co-
efficients for the B-H bond in diborane with the Bil_g bond in the Bimy maleculs
s increase in bond strength by about 25 percent (the Bl1.H bond distance is
13;!) [11]. 2) The relative veakness of the bond angle HBH' and the large amount
of interaction of such types of anyles are noted. 3). Coxparisom of "influence"
coefficients Ko'(BB) tn ditorane and in the B3'H, molecule also shows decrease in
the B-B bond in diborape by about 4O percent, in accordance vith_the iacrease in
the B-B bond distance from 1.59 A in the B3 Hy molecule to 1.77 A in the didorane
molecule. 4). Also 1s noted the relative strength of H'EB and BH'B bond angles.

e o et sl . .., - bbb 5 ...

Utilizing the calculated data for the force comstants, it was also
possible to calculate the vibrational frequencies of deuterium substituted homo-
logues of diborane HgBlOD,B1OK, and DpB'OHgB1ODy, the vibratiomal spectra of
which bave not ag Yot been interpreted. These predicted values of vibraticmal
frequencies are listed in Table 3. : - T T
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TrELE o
5L R e slents of D.horane*
Average _ . Averase Force
Force rlq;) | 250 1 L Y- 51 ()] fM.g) se / T8 .Q)
f(q,) 0.169 | -G 007 | <0.nx oo oo ok 0.006 | -0.00h 0.006
t(qe) -0.00% | -0.007 | -0.00x 0 01k 0.0 0.006 | -0.00k 0.006
£(qs) -0.001 0.003 | -0.00 o [« 0.001 | -0.00% -0.002
7(qe) 0.002 0 005 | -0.0x. 0 0 0.001 | -0.00k -0.002
T(qs -0.007 | 0.330 0.017 | -C.3 0.071 | -0.05 -0.20h -0.069
r(qa) 0.003 | -0.031 | o0.0) 0.003 [-0.000 | -0.063 | -0.20h 0.273
£(qy) 0.003 | -0.016 0.04" 0.003 |-0.006 | -0.0% [ 0.037 -0.015
(qe) -0.007 | -0.00v 0.207 | -0.0% o.om1 0.043 0.037 -0.022
£(Q -0.006 0.017 [ -0.051 | -0.051 0.101 0.022 0.267 -0.134
£0,) 0.0k | -0.0% | -0.051 [-0999 |-0.707 | o0.522 -0.032 0.03k
tf,) 0.0k [-0.0% f-0.05 (-0.292 |-0.707 | -0.118 | -0.032 0.034
r(dg) o 0.003 | -0.051 | -0.153 0.007 | -0.165 | -0.082 -0.002
i) 0 0.003 | -0.051 [ 0.147 | 0.007 | 0.162 | -0.082 | -0.002
£(d,e) -0.028 | o0.o71 0.10L |-0.707 | 1.b1k | -0.hOM | 0.06h -0.067
r(age) 0 -0.006 0.101 | 0.007 |-0.013 | 0.003 | o0.06h 0.00h%
£(azg 0.006 | -0.05 0.022 0.522 | -0.40h4 3.505 0.106 -0.059
() 0.006 | 0.0k3 | 0.022 | 0.522 {.0.kok 1.59% | 0.019 | -0.0M6
f(agg) 0.006 | -0.05 0.022 {-0.118 |-o.hok | -2.652 | 0.106 -0.059
£(dag) 0.006 | 0.043 [ 0.022 | -0.118 | -0.4ok -2.163 | 0.019 | -0.0h6
£ (dge ) 0.001 | -0.0¢5 | 0.022 |.0.165 | 0.003 | 2.186 | 0.106 -0.0k7
£(dgy) 0.001 | -0.0% | o0.022 |-0.165 | 0.003 | 1.7% | o.a19 0.027
2(qeq 0.001 | -0.063 0.022 0.162 0.003 | -2.302 | 0.106 -0.0k7
r(dgy) 0.001 | -0.03%6 0.022 | 0.162 | 0.003 | -1.912 | o.m9 0.027
£(Tgg) -0.00k [ -0.204 | 0.267 | -0.032 | 0.06k | 0.106 0 g; -0.293
£(Ayg) -0.00k [ 0.037 | 0.267 [-0.032 | 0.06M 0.a19 | o. -0.119
£(%gq) 0.006 } -0.069 | -0.13% | 0.03% | -0.067 .0.39 -0.29% 0.305
r(q.q) -0.008 | 0.273 | -0.134 |-0.002 | 0.008 | -0.0h7 -0.29% | -0.001
2(dygq) -0.002 | -0.015 | -0.134 | -0.002 0.00k 0.027 | -0.119 0.057
2(deq) 0.006 | -0.022 | .0.134 0.034 |-0.067 | .0.006 | -0.129 0.063
CONCLUSTONS

1. Useing the method of L. C. Mayants,
vibraticns vere caluclated for didborane

the frequencies and forms of mormal
and its isotope substituted bamologues .

Mm—tm&mbmmmmmmmm-.

2. The nonplanar ethylene-like diborane model
on the basis of which the frequencies were cal

wvith two equivalemt X Yridges,
culated, is considered proven.

3. Calculations vere also made pertaining to force comstants of potential energy
of diborane (the force constants and the "influence" coefficiemts). The peculi-
arities of the force fields in the diborane molecule were noted.

k. The calculations shov errors in the

of Bell {8].

* in 1076c.n® units

calculations reported in the previous wvork

T T v
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